Objective. To evaluate the effectiveness of a new learning tool for needle insertion accuracy skills during a simulated ultrasound-guided regional anesthesia procedure.
prerecorded video of a single, discreet, ultrasoundguided regional anesthesia task, all participants performed the same task three consecutive times (pretest), and needle insertion accuracy skills in a phantom model were recorded as baseline. All participants were then randomized into two groups, experimental and control. The experimental group practiced the task using the new tool, designed with two video cameras, a monitor, and an ultrasound machine where the images from the ultrasound and video of hand movements are viewed simultaneously on the monitor. The control group practiced the task without using the new tool. After the practice session, both groups repeated the same task and were evaluated in the same manner as in the pretest.
Results. Participants in both group groups had similar baseline characteristics with respect to previous experience with ultrasound-guided regional anesthesia procedures. The experimental group had significantly better needle insertion accuracy scores (P < 0.01) than the control group. Using the new learning tool, inexperienced participants had better needle insertion accuracy scores (P < 0.01) compared with experienced participants.
Introduction
The use of ultrasound-guided regional anesthesia (UGRA) has increased over the last decade. Theoretically, ultrasound imaging may increase both V C 2016 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com efficacy and safety by allowing visualization of the needle pathway and local anesthetic spread around the nerve [1] . In addition to knowledge of anatomy and general principles of ultrasonography, UGRA requires learning new skills including image interpretation, needlebeam alignment, and needle trajectory tracking [2, 3] . Hand-eye-screen coordination required during needle advancement requires practice because the needle must be properly aligned with the ultrasound probe in order to maintain the needle path in the ultrasound beam at all times. This can be difficult because as hand and needle movements occur in three axes, the ultrasound image is presented in only two dimensions. Therefore, it is difficult to recommend a single effective training pathway [4] . A number of technical and simulation-based teaching tools have been developed in other areas of medicine such as training in laparoscopic or minimally invasive surgery. Chin et al. [5] used the imperial surgical assessment device to analyze hand motion while performing UGRA. This device was effective in assessing the performance of one type of ultrasoundguided peripheral nerve block procedure.
The current method of teaching and practice before performing UGRA procedures on actual patients involves inserting needles in phantoms or cadavers. However, studies are lacking on the efficacy of these methods on learning skills. Most practitioners independently choose their own learning methods, primarily based on supplies at hand and self-teaching [6] . Such methods are not standardized and are difficult to evaluate. A standardized simulator may allow trainees to observe these deficiencies where trainees can observe their own skills and improve or modify their skills themselves. Likewise, the trainer can observe and guide the trainee either in real time or later by viewing the recorded task. This self-teaching/learning method may save human resources and may be used on any time schedule to learn basic ultrasound procedural skills prior to performing a procedure on an actual patient. In addition, these videos acquired during practice can be reviewed and critiqued at a later date in order to evaluate performance improvement and provide data for research. Such videos could also be used as documentation within a simulation curriculum for a UGRA portfolio.
To overcome the aforementioned challenges in training, we have designed a new learning tool using two video cameras, a computer, and a flat screen to enable trainees to simultaneously see their hand movements and the ultrasound image during a UGRA procedure ( Figure 1 ) [7] . We hypothesize that the tool would provide better feedback and a more complete understanding of the complexity of fine movements required to visualize the needle throughout the procedure. As a result of using this new tool, we expected trainees would have better hand motion skills than trainees using the conventional method of teaching. We also evaluated the feasibility of this new tool in learning needle to image/eye coordination during UGRA in a simulation setting.
Methods
This was a single site prospective pretest/post-test randomized study conducted after institutional research and ethical committee (IRB) approval (ClinicalTrials.gov identifier: NCT02370472). Thirty subjects with varying experience including medical students, anesthesia residents in training, and practicing anesthesiologists at the Penn State Hershey Medical Center were recruited to participate in the study by a formal email invitation. Each participant completed a prestudy form (Appendix 1), and written consent was obtained before being included in the study. Once enrolled in the study, participants were given 10 minutes to familiarize themselves with both the ultrasound equipment (SonoSite, MTurbo, Bothell, WA, USA) and the phantom model (MinSim Upper Extremity Series form Life tech Inc., Stafford, TX, USA). They then viewed a prerecorded video demonstrating the task they were to perform. As a pretest, participants performed the required needle insertion accuracy (NIA) task three consecutive times and were assessed using a scoring form adapted from the Mayo Clinic (Appendix 2) [8, 9] . NIA skills were evaluated on five different categories: A) movement: where basic hand movements controlling the transducer were evaluated; B) alignment: where the ability to keep the needle in the ultrasound image was evaluated; C) approach: where the ability to visualize the tip of the needle was evaluated; D) target: where the ability to reach the target each time and time taken to achieve target acquisition was evaluated; and E) location: the ability to localize the planned needle insertion point was evaluated. After the pretest was completed, participants were randomly allocated into two groups, experimental and control, by a computer-generated randomization list (SAS Institute, Cary, NC, USA). Participants and assessor were blinded to their group assignment. The randomization numbers were kept in an opaque envelope and were only known to the study coordinator until after all the data collection for the entire study was completed. The study coordinator did not participate in any other way in the study, other than obtaining consent and assigning participants to one of the groups. The control group was allowed to practice the same task that was performed in the pretest (infraclavicular approach to the brachial plexus where the needle must be placed below the subclavian artery in close proximity to neural tissue seen as a constant hyperechoic structure below the vessel in the phantom model) using the same ultrasound machine and phantom without using the new learning tool. The experimental group practiced the same task that was performed in the pretest using the same ultrasound machine and phantom model using the new learning tool. Details of this new learning tool have been previously reported by our group [7] . Briefly, using this tool, participants were able to visualize their hand and needle movements along with the position of the ultrasound transducer on a single computer screen (Figure 1 ). Both groups were allowed to practice their pretest tasks for a maximum of 30 minutes (Figure 2 , study design) and recorded their self-assessment as proficient or not proficient at that time. Both groups then performed the same post-test, where each trainee was evaluated using the same scoring tool (Appendix 2). To avoid subjective variations and inter-rater variability, all evaluations were recorded by a single blinded investigator (DK), who was unaware of the participants' group assignments.
Statistical Analysis
Pre-and post-test scores across five NIA component skills (movement, alignment, approach, target, and location) were analyzed to determine whether the new learning tool promoted significant improvement in all three consecutive testing attempts. The overall score was calculated based on the average of the five NIA component scores. Our sample was comprised of 90 attempts, of which half belonged to the experimental group (15 subjects, three attempts each) and half (15 subjects, three attempts each) to the control group. Due to the non-normal nature of the data, analysis of score changes (post-test score minus pretest score) was conducted using a nonparametric test (Mann-Whitney U test) with a 5% level of significance. We also employed a two-way analysis of variance (ANOVA) with interaction effects (F test) to examine if the score changes were consistent (post-test score minus pretest score for each individual and for each attempt). A separate analysis was performed on data from novice trainees compared with trainees having had prior experience performing nerve blocks.
Results
Thirty participants were randomized into two groups (15 per group), and all participants completed the study. A subsample consisting of 22 subjects (12 in the experimental group and 10 in the control group) having had no prior UGRA experience was analyzed separately. The primary end point of this study was to determine whether post-test NIA scores increased from baseline. Subjects were considered to have improved if the post-test NIA score minus the pretest NIA score (baseline) was positive. Appendix A3 presents the NIA score sheet.
While treating each subject-attempt as an observation in the analysis, we were conscious of the potential that each subject-attempt might not be completely independent because of the potential learning across consecutive attempts. We examined whether the independent assumption was violated by conducting a two-way ANOVA (with interaction effects) to see if the scores changed across consecutive attempts. Table 1 demonstrates that while the scores differed significantly across the two groups of subjects (experiment and control groups), F test statistics and their corresponding P values reported in the last two columns indicated there was no statistical evidence of an interaction effect; that is, the experimental group and the control group did not seem to differ ex post in the level of score improvement across consecutive attempts. Therefore, we had no evidence of violating the independence assumption by treating each subject-attempt as an individual data point.
After 30 minutes of practice, all participants reported feeling proficient to do the post-test. Figure 3 , A and B, presents radar plots of the average pre-and post-test scores across the five NIA component skills in the experimental ( Figure 3A ) and control groups ( Figure 3B ). Two specific patterns were apparent from the radar plots. First, both groups experienced improvement in all NIA component skills. Second, the level of improvement was markedly higher and only significant for the experimental group (given the larger gap and statistical significance between the dark and light solid lines in the experimental group compared with the control group). The difference between the pre-and post-NIA test scores in the control group was not statistically significant as the 95% confidence intervals were overlapped. Figure 4A contrasted the average score improvement between the two groups using similar radar plots. Learning Tool for UGRA Figure 4B showed the analysis limited to inexperienced participants (novice), which demonstrated that this group had a slightly greater score improvement using the new learning tool compared with participants not using it. Based on the plots, the improvements mainly occurred in needle puncture location (location) and transducer movements (movement).
The first four columns of Table 2A demonstrate the mean pre-and post-test scores of each NIA component skill across the two groups. An overall NIA score was obtained by averaging the five NIA components skill scores. Our nonparametric test (last column) demonstrated that participants had significant improvement with transducer movements (P ¼ 0.01) and needle puncture location (P < 0.01) using the new tool (which corresponded to the radar plots). Compared with conventional training, there was significant overall NIA score improvement (P < 0.01). These sets of nonparametric test results were consistent with the ANOVA results reported in Table 1 .
When the analysis was restricted to include only participants having no prior UGRA experience (Table 2B) , the improvement in the experimental group was greater. Overall NIA skill improvement (reported in the last row) was 0.58 (2.17-1.59) for the experimental group vs 0.19 (1.77-1.58) for the control group. While improvements in both the ability to optimize needle orientation (alignment) and demonstrate needle tip contact to the target (target) were not significant (at the 0.05 level), their P values were smaller compared with the full sample (P values ¼ 0.06 and 0.07, respectively, for alignment and target, vs 0.14 and 0.09 for the full sample).
Discussion
To our knowledge, this is the first study to evaluate needle to image/eye coordination when performing UGRA using a randomized prospective method. Our study evaluated the effect of using a new tool [7] for learning NIA skills during ultrasound-guided procedures in a simulation scenario. The advantage of this new tool is the ability of the trainee to visualize both their hand movements and the ultrasound image on a single screen ( Figure 4 ).
Compared with trainees practicing without the new learning tool, scores for overall NIA skills were higher for trainees who practiced with it. Scores were particularly higher for two key components: movement of the needle and contact with the target. This may be of important practical value as those two NIA skills, in particular, are complex and involve a combination of individual skills that allow the provider to maintain visualization of the needle and its tip during a procedure using ultrasound. These differences also demonstrate that it may take longer to learn these skills using a conventional method of instruction, essentially following the verbal direction of an instructor, where the learner does not have the advantage of direct visual feedback during practice.
Currently, there is considerable interest among anesthesiologists to attend workshops and continuing medical education programs involving UGRA. Although ultrasound guidance has been described as an effective method to improve the learning curve of ultrasoundguided regional anesthesia techniques [10] , specific methods and duration of such training have not been evaluated. The use of ultrasound is highly operator dependent. Despite technological advances in ultrasonography, some individuals may find it more difficult to learn than others [4, 11] . Acquiring the necessary skills substantially varies among students in the absence of objective evaluation of the skills acquisition; some providers may consider themselves proficient upon completing a conventional ultrasound workshop, which raises the concern of procedural safety [3] . With the advent of a variety of new learning tools and teaching methods, it is important to remember that they are no substitute for expert guidance by instructors experienced in not only regional anesthesia but UGRA in actual clinical practice. Videotaping and evaluation of clinical care is not new to the field of medicine. It has been used successfully to enhance quality and safety in many patient care settings [12] . In this study, we used a similar technique to evaluate NIA skills during UGRA. We found that advancing a needle from one point to another under ultrasound guidance, while keeping the needle tip in the image at all times, is not a simple task. Lam et al.
[13] recently described the STAR method of training for UGRA demonstrating the value of seeing hand movements involved with the traditional align, rotate, and tilt (ART) method of training by adding the "S" (for see). Their technique is limited by seeing either the hand position or the ultrasound image at one time. We have demonstrated the value of seeing both the hand position and the ultrasound image simultaneously on a flat screen while performing a UGRA procedure.
Our study has limitations. First, our evaluation tool was a modified version of a previously established scoring system [8, 9] . Although we used a single assessor to avoid inter-rater variability, observer-associated subjectivity may have remained. There is, however, no simulator or system available to measure this. Second, we subdivided NIA skills into five different subskills that we presumed to have a role in overall NIA. As the entire process is complex, there is uncertainty as to whether the subsets of skills we chose adequately represented all of the components of needling skills. Third, our study only evaluated skills involving advancement of a needle from one point to another while keeping the needle and tip in the image. This should not be extrapolated to confirm competency or proficiency with any specific regional anesthesia procedure as the anatomy and NIA skills vary significantly among different procedures. Fourth, our study demonstrated a short-term improvement in NIA skills using the new learning tool. Although we did not attempt to determine if these skills were either transferrable to clinical practice or how long an individual retained the skills, the value of our system is that it provides a structured starting point for skill acquisition with data that can be retrieved and referred to over time. This strategy can be used as a component of lifelong learning in regional anesthesia that will provide a positive reinforcement. A criticism of simulation in general is that while models and phantoms have become very lifelike, they are still not the real thing. The techniques and methods described in this study have in fact been applied to cadaver specimens at our institution. While the ergonomics involved in practicing regional anesthesia techniques are the same with either a phantom or a cadaver, practice on cadaver specimens allows for much better tactile feedback relative to tissue, tissue planes, bones, and neural structures. Unfortunately, access to cadaver specimens is extremely limited, if available at all. Hopefully, continued improvements in phantom development will make them more lifelike.
Conclusion
This study demonstrates that the use of the new learning tool results in short-term improvement in NIA skills during a UGRA procedure. The improvement seen was greater in novices compared with experienced participants. We have implemented this learning tool in our regional anesthesia simulation curriculum. Further studies are needed to optimize both the teaching and learning of these complex tasks. Long-term outcomes will be a part of future longitudinal studies.
